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@ Electric storage battery. 



(57) Electric storage battery, preferably lead-acid, 
incorporating between the positive (2) and 
negative (3) plates a plastic micro-fibre or glass 
micro-fibre separator (8) containing precipi- 
tated silica in its structure, due to which the 
distribution of both pore size and specific sur- 
face of the separator are fundamentally mod- 
ified. 
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This invention refers to an electric storage bat- 
tery, preferably of the lead-acid type, made up of pos- 
itive and negative battery plates plus intermediate mi- 
cro-fibre separators. 

The electro-chemical cells, such as the lead bat- 
teries, are known since the end of last century. In their 
current configuration they are made up of a lead di- 
oxide anode, a soft lead cathode and a separator 
made of cellulose or plastic material, which mission is 
to physically separate the plates, also supplying a 
passageway through the electrolyte for the electric 
current conducing ions. 

The new applications currently required for bat- 
teries have made it necessary for the technological 
developments achieved in this and the prior decades 
to focus mainly in obtaining batteries with minimum or 
no maintenance requirements, minimum gas emis- 
sions, allowing their installation in "clean" environ- 
ments and an optimum working life period, to suit ap- 
plications requiring a high number of loading-unload- 
ing cycles, such as electric vehicle and load pulling 
applications. 

These advances have been achieved working 
fundamentally upon the characteristics of the separa- 
tor employed, which has allowed putting into opera- 
tion the so called "oxygen cycle" in the acid lead bat- 
tery, leading to recombination or valve regulated bat- 
teries (VRLA). 

The operating and characteristics principle of 
these batteries is described in the U.S. patents 
3.562.861 and 4.383.011, U.K. patents 79.34792 and 
80.32433 and Spanish patents 526.291 and 524.556, 
which describe the modifications introduced as re- 
gards plates, containers and covers as well as funda- 
mentally at separator level. Regarding this compo- 
nent, its properties and composition are described in 
the U.S. patent 5.091.275 and in the European patent 
0466.302 A1. 

These materials are essentially made up of a bed 
of non-woven fibres formed by a physical mixture of 
said fibres arranged at random. The object of supply- 
ing the separator with the properties required for its 
application to the battery, the base fibre, must have 
very exact dimensional characteristics. 

Specifically its length must be of around 10 um 
and its diameter in the 0.1 - 1 um range. These basic 
micro-fibre properties allow the obtention of a sepa- 
rator featuring the following characteristics: a porosi- 
ty of about 90-95% with a pore diameter of around 5- 
25 um. A specific surface in the 0.8-2.0 n^/g range, 
a breaking strength of around 600 N/m and finally 
electric resistivity of around 0.025 n/cm 2 . 

The characteristics of the separator obtained 
may be modified up to a point by modifying the char- 
acteristics of the base fibre. The fore mentioned base 
fibre modification essentially refers to its dimensional 
characteristics. In this sense, the use of finer micro- 
fibre leads to separator materials with a greater spe- 



cific surface, greater acid retention capacity and a 
smaller pore size. The use of thick micro-fibre would 
modify thes properties in the opposite direction, tak- 
ing nevertheless into account that separator variation 
5 range properties are not indefinite, but are located 
within relatively narrow margins. 

It is also well known that the characteristics of the 
micro-fibre separator may be modified through the 
addition of different mixtures that may include silica 

10 as a component in different varieties and concentra- 
tions, although generally forming part of a "binder" 
mixture that also includes bonding compounds, inor- 
ganic salts, etc. 

For example, European patents EP 0.253.987A1 

15 and EP 0.334.091A1 claim either the separator the 
first one or the battery that incorporates the micro-fi- 
bre separator but adding a mixture of various compo- 
nents. Patents US 5.091 .275 and WO 91/1 6.733 both 
claim the micro-fibre separator adding a mixture that 

20 includes an inorganic salt plus polymerized colloid sil- 
ica. The European patent EP 0.466.302A1 and the 
Spanish patent 519.789 both claim the micro-fibre 
separator adding a compound in the former and dia- 
tomaceus earth with other components in the later. 

25 The object of this invention is a battery, which op- 

erational characteristics have been substantially 
modified based on the inclusion of a glass micro-fibre 
or plastic micro-fibre separator to which precipitated 
silica has been added in a 1 to 20% and preferably 1 

30 to 10% ratio, which produces a very important modi- 
fication of its characteristics and, therefore also those 
of the battery in which it is integrated. At battery level 
there is a substantial increase of its achievable work- 
ing life, a decrease in the level of corrosion and pos- 

35 ithve plate growth problems and a decrease in the 
number of possible failure causes such as short cir- 
cuits across de separators. 

In accordance with this invention, a lead-acid bat- 
tery is modified in its standard configuration through 

40 the incorporation to the positive plates, as supports, 
of lead-calcium alloy grids with low antimony content, 
to the negative plates, as substrata, lead-acid alloy 
grids and the inclusion as a separator of a material 
based on glass micro-fibre or plastic micro-fibre, or a 

45 mixture of both in any proportion, to which has been 
added a given proportion of precipitated silica during 
the manufacturing process, which remains incorpo- 
rated in the separator structure, producing a very im- 
portant change of its characteristics. 

so The addition of the precipitated silica is possible 

because of its very different size in respect to the 
structure of the separator. In fact, the average size of 
the silica particles oscillate, depending on the type, 
between 8 and 30 nm, whereas the average size of 

55 the micro-fibre separator pore is around 12 um. That 
allows to incorporate a relatively high number of par- 
ticles into the separator structure. 

In order to achieve the characteristics detailed 
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further on into th battery object of the invention, it is 
necessary to incorporate only precipitated silica into 
the separator, without any other component Th ad- 
dition of the precipitated silica is effected by adding it 
into the fibre dispersion tank, inside which it is fully 
dispersed, through vigorous agitation. 

In the following separator bed formation stage, 
most of the silica is then integrated into its structure. 

The modifications that this compound introduces 
into the separator and its influence upon the battery 
object of this invention are: 

a) Porosity: it does not change substantially with 
respect to that of the 1 00% micro-fibre separator. 
The material retains a very high degree of poros- 
ity of around 90-95% given that the precipitated 
silica particles, due to their small size, fundamen- 
tally fill up the larger size hollow spaces in the 
structure of the separator. Given the low propor- 
tion of silica employed, this leads to full porosity 
conservation. 

b) Pore size: it is substantially modified through 
the addition of precipitated silica, experimenting 
a decrease of about 30% when the silica concen- 
tration goes from 0 to 6%. The effect of the pore 
size decrease is different for maximum, minimum 
and average pore diameters. In fact, in respect of 
maximum pore diameter, its decrease is of about 
35% for a 6% silica concentration. Calculated 
upon the average diameter, the decrease would 
be of about 30% for the same concentration and, 
if calculated in respect of the minimum diameter, 
de decrease would then be of only 17% for the 
same precipitated silica concentration. The ex- 
planation of this fact resides in the preferential 
deposition of silica inside the larger size pores 
within the separator structure. 

c) Specific surface: The specific surface of the 
micro-fibre separator experiments a very strong 
increase due to the inclusion of silica in its struc- 
t ure. The increase is of around 300% for 4% silica 
additions and 700% for 6% silica additions. The 
explanation is the high specific surface of the sil- 
ica when compared with that of plastic micro-fibre 
or glass micro-fibre. In fact, whereas micro-fibre 
has a specified surface of about 2 rr^/g, precipi- 
tated silica has a value of around 200-300 rr^/g. 
Minor additions such as the ones already men- 
tioned lead to spectacular increases of the spe- 
cific surface of the separator. 

The rest of its properties, both mechanical and 
electrical (electrical resistance), as well as those that 
refer to acid absorption and retention capacity, re- 
main practically unchanged. 

This modification of the property of the separator 
has a marked influence upon the behavior of the bat- 
tery incorporating it, which characteristics are modi- 
fied as follows: 

a) The separator pore size decrease, and partic- 



ularly that of the maximum size of the por , has 
a strong influence in the behavior and working 
life extension of the battery, all of this in applica- 
tions requiring deep and particularly repetitive 

5 cycles, such batteries used in pulling applications 

(forklif ts) as well as batteries to be used in elec- 
tric vehicles. It thus furthermore improve signif h 
cantly the behavior of batteries in floating servic- 
es for systems uninterrupted power supplies, tel- 

10 ephone exchanges, etc., particularly at facilities 

where equalizing loads are not experienced. This 
will be explained in detail in the example indicat- 
ed below. 

b) The increase of the specific surface of the sep- 
15 arator causes a substantial increase of its work- 

ing life performance (duration), given that this 
material with high specific surface may act as an 
element or ion retaining filter, which transfer be- 
tween plates within the battery would be of inter- 
20 est to avoid. Due to this property, it is possible to 

modify the type of alloy to use fundamentally in 
the positive plates, recurring to low antimony 
content alloys, more adequate to cycle service, in 
order to increase its working life duration. 
25 The characteristics and advantages of the inven- 

tion may be expressed in the following description, 
made with reference to the attached drawings, in 
which: 

Figure 1 is a schematic perspective of a battery 
30 including the principles of the invention. 

Figures 2a, 2b and 2c are schematic diagrams 
representing the behavior of batteries with different 
characteristics, showing voltage values in the Y (vert- 
ical) axis and number of cycles in the X (horizontal) 
35 axis. 

The battery shown in Figure 1 includes a contain- 
er 1, within which are assembled the positive 2 and 
negative 3 plates, both of them joined together 
through their corresponding connection bars 4 and 5. 

40 Between plates 2 and 3 are arranged several 

separators 6 made of a material based on glass mi- 
cro-fibre or plastic type material or a mixture of both. 
This base has been added a certain proportion of pre- 
cipitated silica during the manufacturing process, be- 

45 ing said silica incorporated into the structure of sep- 
arator 6, modifying its characteristics to great advan- 
. tage. 

Container 1 shall be closed by a cover not shown. 

The battery with the characteristics of the inven- 
50 tion may adopt a structure different to that described. 

The advantages of these batteries were clearly 
shown during the tests carried as described below. 

Three groups of batteries were prepared, with the 
following characteristics: 
55 The first group was employed as the control 

group, assembling for that purpose six recombination 
batteries using standard design and components, 
that is to say: calcium-lead alloy in both positive and 
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negative plates, 100% micro-fibre separator without 
any addition and remaining components standard. 

The second group is mad up of 6 batteries in 
which only the separator typ was modified, in re- 
spect to the previously mentioned group. They incor- 
porated micro-fibre separator to which 4% precipitat- 
ed silica was added. 

Finally, the third group incorporated positive 
plates with low antimony content alloy (of around 2%), 
as well as separators with a 4% silica addition, being 
the rest of the components identical to those of the 
first group. 

Ail three groups were subjected to initial charac- 
terizing and preparation tests, after which were sub- 
ject to deep cycling tests, with a discharge depth of 
80% of real capacity and a 1.5 hours discharge re- 
gime. Figures 2a, 2b and 2c represent the durations 
obtained as a number of cycles, for the three groups 
of batteries. The durations obtained are clearly ap- 
preciated, so that whereas the first group achieves a 
500 'cycle average duration, the group incorporating 
the separators with precipitated silica added reaches 
800 cycles. Finally, the group with low antimony alloy 
in the positive plate and silica added separators ob- 
tains a 1200 cycle average duration. 

Once the cycle tests were completed, the batter- 
ies were taken apart and analyzed, observing the fol- 
lowing facts as the most relevant findings attributable 
to the separator 

Avery low stratification in the density of the sul- 
furic acid between the upper and lower separator sec- 
tions was observed in both the second and third 
groups, with a maximum difference of 0.015 g/cm 3 , 
whereas in the first group this difference amounted to 
0.040. The silica addition has reduced the stratifica- 
tion substantially through the increase in the acid re- 
tention capacity in the separator structure due to the 
pore size decrease caused by the addition of precipi- 
tated silica. 

Additionally, and whereas a number of short cir- 
cuits across the separator, caused by lead particle 
deposition within its structure, could be observed in 
the first group, no short circuits could be observed in 
the second and third group batteries, where the sep- 
arator was found to be clean throughout This is once 
again a consequence of the smaller pore size and 
more uniform distribution caused by the addition of 
silica. 



Claims 

1.- Electric storage battery, made up of a contain- 
er (1) with safety valve, inside which are housed a 
number of positive (2) and negative (3) polarity plates 
and a number of intermediate separators (6) that 
physically isolate said plates and allow ionic conduc- 
tion between them, characterized, in combination, 



because the positive plates (2) incorporat as a sup- 
port lead-calcium alloy or low antimony cont nt grids; 
th negative plates (3) incorporate as substrate lead- 
calcium alloy grids and the separator is made using 
5 plastic or glass micro-fibre with the addition of pre- 
cipitated silica in a 1-20%, and preferably 2-8%, pro- 
portion. 

2. - Battery as per claim 1, characterized because 
the positive plates (2) incorporate a lead-calcium ak 

10 loy substrate, with a 0.03 - 0.10% calcium percentage 
and preferably 0.04-0.07% with the addition of tin in 
0.3-1 .5% percentages. 

3. - Battery as per claim 1, characterized because 
the positive grids are made up on the bases of a low 

is antimony content alloy, with a percentage between 
0.5-3% and preferably between 1-2%. 

4. - Battery as per the above claims, character- 
ized because the separator between the positive (2) 
and negative (3) plates is made up of a micro-fibre 

20 network, to which precipitated silica is added in a 2- 
8% proportion, with the purpose of reducing pore size 
to a value of between 5 and 10 microns. 
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